Molecular weight dependence of excluded volume effects is examined. The swollen-to-unperturbed coil transition point shifts to lower concentration range with increasing molecular weight (M w ). It is shown that in the limit of M w → ∞, the excluded volume effects should vanish in all concentration range, except for the only one point, C 0 = 0. Quite in contrast, for short chains, the excluded volume effects never disappear even at the melt state.
Introduction
A polymer solution is in itself an inhomogeneous system of segment concentration, which is due to the fact that monomers are joined by chemical bonds. The concentration is highest at the center of gravity, but decreases rapidly with increasing distance from the center. This inhomogeneity gives rise to the gradient of the Gibbs free energy between the inside of a coil and the outside, and this is the origin of the excluded volume effects. Our fundamental idea is thus that the excluded volume effects are manifested as a result of the wild inhomogeneity of polymer solutions.
On the basis of the above concept, the theory of the excluded volume effects [1, 2] leads us, in a natural fashion, to the following equation:
with N being the number of segments, V the volume (the subscripts 1 and 2 signify solvent and segment, respectively), χ the enthalpy parameter defined by ∆H ∝ χ, and β = 3/2 s 2 0 ( s 2 0 denotes the mean square radius of gyration of an unperturbed chain).
In eq. (1), G is a function associated with segment concentration at the coordinate (x, y, z) (the subscripts hill and valley signifying concentrated and dilute regions, respectively) and has the form
Now an additional new term
directly related with the concentration fluctuation has been introduced. The term J is a direct manifestation of the wild inhomogeneity of polymer solutions. When J diminishes, the excluded volume effects must also diminish accordingly.
In this report, we solve eq. (1) as a function of molecular weights, modeling polystyrene solutions in carbon disulfide (PSt in CS 2 ). The employed physico-chemical parameters are listed in Table 1 . Flory characteristic ratio C F 10 mean bond lengthl 1.55Å enthalpy parameter (25
(c) The simulation results are illustrated in Fig. 1 for M w = 10 4 , 10 5 and 10 6 . It is seen that the molecular weight has a marked effect on the location of the swollen-tounperturbed coil transition point, c * , (α = 1). With increasing M w (from (a) to (c)), c * shifts rapidly to lower concentration range. This phenomenon is easy to understand: Because of the form,
, of the segment distribution around the center of gravity, chains tend to interpenetrate more deeply as M w increases. Thus in the limit of an infinitely long chain, the fluctuation term J goes to zero, and the excluded volume effects vanish in all finite concentrations. For this reason, it is only at zero concentration that the notion of the infinite chain has sound physical basis in the study of the excluded volume effects. In contrast, for short chains, the excluded volume effects tend to survive in high concentration region (curve (a)), suggesting that for chains less than M w = 10 4 , the excluded volume effects may not disappear even at the melt state (φ = 1). To examine the above inference, we have calculated two extreme cases of M w = 10 3 and 10 7 ; the results are shown in Fig. 2 . As expected, for the short chain (M w = 10 3 ), the excluded volume effects never disappear in all concentration range from the dilution limit to the melt; the coil remains swollen even at the melt state. We know of course that no such short Gaussian chain having M w = 10 3 exists in reality, so our discussion is purely theoretical. Notwithstanding the present results reveal that "the ideal chain hypothesis at the melt state (ICHM)" is not strictly true, but a practical law valid only for polymers having M w 10 4 [3] . The swollento-unperturbed coil transition point should vary from c * = ∞ to 0 as M w varies from 0 to ∞.
The above statement can be reinforced by re-examining the original Flory theory: The local free energy δF mixing = kT {log(1 − v 2 ) + χv 2 } δn 1 (4) stands for the difference in the Gibbs potential between the pure components (polymers and solvents) and the mixture. In the point of view of polymers as solutes, eq. (4) represents the potential difference between the melt state and the solution. Integrating eq. (4) over all volume elements in the system, then adding the elastic term, and minimizing the resultant total free energy, we are led to the known result, α 5 − α 3 = C (1 − Θ/T ) M 1/2 . It becomes clear that the classic theory identifies the melt state (pure polymer) with the standard state and α is calculated as the difference from the melt state. It is realized that the classic theory postulates, as the premise, the ideal chain behavior at the melt state. This will be the reason, despite the fact that ICHM has been confirmed firmly by SANS experiments [3] , why ICHM has raised so many questions and debates so far [4] [5] [6] .
Finally we would like to emphasize that, aside from the problem of the standard state, the classic theory [1] has extracted correct and essential features of the excluded volume effects, i.e., it has made the complete description of the limiting case of C = 0 for the generalized expression, eq. (1).
